The strong enhancement and localization of electromagnetic field in plasmonic systems have found applications in many areas, which include sensing and biosensing. In this paper, an overview will be provided of the use of plasmonic phenomena in sensors and biosensors with emphasis on two main topics. The first is related to possible ways to enhance the performance of sensors and biosensors based on surface plasmon resonance (SPR), where examples are given of functionalized magnetic nanoparticles, magnetoplasmonic effects and use of metamaterials for SPR sensing. The other topic is focused on surface-enhanced Raman scattering (SERS) for sensing, for which uniform, flexible, and reproducible SERS substrates have been produced. With such recent developments, there is the prospect of improving sensitivity and lowering the limit of detection in order to overcome the limitations inherent in ultrasensitive detection of chemical and biological analytes, especially at single molecule levels.
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JORGE R. MEJÍA-SALAZAR et al. (Rodríguez-Lorenzo et al. 2009 ) and biomolecules (Xu et al. 2014) . The challenges facing researchers and technologists are associated with making SERS detection feasible outside a specialized laboratory.
Here, the aim is to offer an overview of advances and strategies to improve plasmonic biosensing capabilities. We endeavor to give the reader an introduction to recent research efforts, which include the use of magnetic and magnetoplasmonic effects, incorporation of metamaterials in biosensing platforms, and novel SERS substrates to boost biosensing performance. For a comprehensive review of plasmonic biosensing we refer the reader to Refs. (Anker et al. 2008 , Piliarik et al. 2009 , Abbas et al. 2011 , Nguyen et al. 2015 , Henry et al. 2016 , Bantz et al. 2011 ) and the references therein. The paper is organized in two main sections, the first of which deals with SPR biosensing platforms. It is mainly focused on the use of magnetic nanoparticles, magnetoplasmonic effects, and metamaterial-based SPR biosensing. The other main section is dedicated to plasmonic metallic nanostructures for SERS, where emphasis is placed on the detection and/or monitoring of analytes in trace levels. For both sections, a perspective for developments in the near future is presented, particularly with the challenges to take plasmonic sensing to real applications.
SPR BIOSENSING
SPRs are guided modes propagating along a metal/dielectric interface, in contrast to LSPRs that arise from light trapped at the surface of metallic nanoparticles smaller than the wavelength of the incident light. The wavevector for SPRs is k SPR = k 0 ε m n 2 an ε m +n 2 an , where n an is the analyte refractive index, ε m is the permittivity of the metal, and k 0 = ω c . Being guided modes, SPRs cannot be excited directly by light impinging from the dielectric. There are two conventional mechanisms to excite SPRs; the first one uses a prism with refractive index n P > n an where SPRs are excited through attenuated total reflection (ATR). ATR produces a surface wave with k x = k 0 n P sin θ , that is to be coupled with a SPR under the wavevector matching condition, i.e., k 0 n P sin θ = k 0 ε m n 2 an ε m + n 2 an .
The second mechanism to couple light to SPRs uses a diffraction grating. In this case, light impinging on a periodic grating is split into a series of beams with the wavevector along the interface altered as k + mG = k , where m is an integer, G = 2π Λ (Λ is the period length of the grating) is the grating wavevector, and k is the wavevector along the interface for the diffracted wave. SPR excitation will occur when the following condition is met k 0 n an sin θ + 2π
The electromagnetic fields associated with SPRs are used in biosensing (Löfås et al. 1991 , Homola 2008 , Daghestani and Day 2010 for real-time monitoring of adsorption and biomolecular processes (Iwasaki et al. 2001 , Deckert and Legay 1999 , Karlsson 2004 , Vutukuru et al. 2006 , Shankaran et al. 2007 , Wang et al. 2008 , Koide et al. 2000 , Gestwicki et al. 2001 , Hu et al. 2004 , Mao et al. 2011 , with an operating principle based on the angle/wavelength shift of SPR due to changes in the analyte refractive index, n an . Significant changes are required, thus limiting its application to detection of molecules with high molecular-weight/concentration. In medical applications, in particular for cancer, there is the need to detect small concentrations, typically of the order of ∼ pg·mL −1 for early diagnosis, of specific biomarkers such as proteins in human fluids, e.g. urine,
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blood, saliva, cerebrospinal fluids, or in tissues and tumor cells. Thus, the enhancement of SPR sensitivity to extend applications to biological, chemical and medical investigations has stimulated intensive research efforts to decrease the limits of detection. One of the main drawbacks in SPR biosensing is related with the broad SPR curves in conventional plasmonic sensing platforms, as the sensing performance depends on the sharpness of the SPR curve (Caballero et al. 2016) . Recent biosensing platforms have been found to exhibit SPR curves narrower than for conventional structures, thus improving figures of merit (FoM). The aim of this section is to give an overview of some proposals to improve SPR sensitivity. In the first two Sections we will focus on the use of magnetic nanoparticles (MNPs) and magnetoplasmonic effects to amplify the SPR biosensor response to molecular binding effects, respectively, while the last section Section is devoted to metamaterials for the design of highly sensitive plasmonic platforms.
MAGNETIC NANOPARTICLES
The unique optical, electrical, catalytic, thermal and superparamagnetic properties of magnetic nanoparticles (MNPs) have been used for a number of chemical and biochemical purposes , MolinerMartinez et al. 2011 , Chen et al. 2011 , Tang and Lo 2013 , Ambashta and Sillanpaa 2010 , Oh and Park 2011 , Colombo et al. 2012 , Huang and Juang 2011 , Aguilar-Arteaga et al. 2010 , Beveridge et al. 2011 , CarregalRomero et al. 2013 , Iranifam 2013 , Xu and Wang 2012 , Cannon et al. 2012 , Mani et al. 2011 , Tseng et al. 2009 , Bruls et al. 2009 ). MNPs can work as a concentration/purification agent, as well as an amplifier for detection due to their high surface-to-volume ratios (Soelberg et al. 2009 , Liang et al. 2012 , which offers higher density of chemical bindings. In order to amplify the SPR signal and reduce the background interferences (purification), a SPR biosensing platform was developed to detect staphylococcal enterotoxin B (SEB) (molecular weight 28.4 kDa) by using antibody-coated paramagnetic nanobeads (50 nm sized), with a resolution of approximately 1 × 10 −6 refractive index units (RIU) (Soelberg et al. 2009 ). Fig. 1a shows a sequential three-step protocol for detecting SEB, with demonstration of a large amplification of the SPR signal. The three-step sequence is as follows: (1) direct detection of free SEB in buffer solution, (2) amplification with 50 µg/mL biotinylated anti-SEB antibodies, and (3) a secondary amplification with streptavidin-nanobeads (200 µL stock µMACS beads in 2 mL total buffer) that bind to the captured biotinylated anti-SEB antibodies. A schematic representation of the three steps is shown in Fig. 1b , where the relative size of each particle is depicted.
In another example, Wang et al. ) demonstrated an amplified SPR signal by using Fe 3 O 4 MNPs of two different sizes and modified with carboxyl groups, assembled on amino group modified SPR gold substrate. The SPR angle shifts can be seen in Fig. 2 Fig. 3 . This amplified SPR signal with MNPs can be exploited by using Fe 3 O 4 MNPs -aptamer conjugates as the amplification reagent. In particular, Wang et al. reported an improved sensitivity to detect adenosine in the range of 10 − 10 4 nM by employing Fe 3 O 4 MNPs -antiadenosin aptamer conjugates in an indirect inhibition assay, as shown in Fig. 4 .
The application of MNPs for the quick delivery of an analyte to the sensor surface through a magnetic field gradient, thus overcoming a slow diffusion-driven mass transfer, has been proven in optical biosensing (Tseng et al. 2009 , Bruls et al. 2009 ). The functionality of MNPs combined with signal amplification, i.e., MNPs simultaneously working as "vehicles" for rapid delivery of target analyte from a sample to the sensor surface and as labels increasing the measured refractive index changes associated with the binding of target analyte, in SPR biosensors was proposed by Y. Wang et al. . The idea consists in the use of a metal grating coupler for SPR excitation, with a magnetic field gradient applied through the sensor chip, as shown in Fig. 5 , for manipulating MNPs on its surface. The grating coupler was used instead of the conventional prism-based Kretschmann configuration (Kretschmann and Raether 1968) . MNPs were conjugated with antibodies for detection of β human chorionic gonadotropin (β hCG). A magnetic field was used to capture the MNPs-antibody-analyte on the sensor surface, thus improving the sensitivity by four orders of magnitude when compared with the regular SPR direct detection.
These few examples demonstrated the potential of MNPs to improve SPR biosensing, especially in decreasing the limits of detection. Therefore, using MNPs should be further investigated with other types of analytes, as several limitations still remaining in SPR biosensing could be overcome.
MAGNETOPLASMONIC EFFECTS FOR THE DESIGN AND DEVELOPMENT OF BIOSENSING PLATFORMS
There has been an increasing research interest in magnetoplasmonic effects to improve SPR sensitivity (Sepúlveda et al. 2006 , Regatos et al. 2010 , Manera et al. 2011 , Chou et al. 2014 , Caballero et al. 2016 , Ignatyeva et al. 2016 , Grunin et al. 2016 , Maccaferri et al. 2015 . This mechanism was proposed by Sepúlveda et al. (2006) , where magneto-optical (MO) activity was combined with SPRs for decreasing the limit of detection of a Kretschmann-like SPR platform. Sensing takes place by monitoring the transverse magneto-optical Kerr effect (TMOKE), with narrow Fano-like resonances, which is sensitive to small variations of dielectric properties of the surrounding material. Several geometrical configurations and plasmonic systems were reported. For example, Ignatyeva et al. (Ignatyeva et al. 2016 ) proposed a onedimensional photonic crystal for ultranarrow SPRs, with even sharper TMOKE resonances, to improve the sensitivity of a Kretschmann-like SPR sensor for detecting butane and helium. Fig. 6 depicts the experimental setup and the corresponding plasmonic structure used to measure the SPR and TMOKE signals, whose results are shown in Fig. 7 . Note the narrower TMOKE resonances in comparison with SPR ones. Also significant is that Ignatyeva et al. (Ignatyeva et al. 2016 ) compared their results with those of a theoretical system with optimal geometrical parameters, and suggested that optimizing parameters of the photonic crystal building layers may allow for even higher quality factors and sensitivity. Another proposal to use a magnetoplasmonic grating-coupler trilayer structure for sensitive sensors was implemented with the corresponding changes in reflectance (R) and TMOKE (δ ) measured as functions of the wavelength for increasing concentrations of glycerol in a microfluidic cell (Grunin et al. 2016) . A 6-fold increase in performance was reported in terms of sensitivity and limit of detection, when TMOKE was used instead of the usual SPRs.
In the most recent proposal to use TMOKE for improving SPR biosensing capabilities, Caballero et al. (Caballero et al. 2016 ) employed a MO slab made of Co sandwiched in between two metallic nanohole arrays made of Au, as shown in Fig. 8 . They were able to estimate a 2-order of magnitude larger bulk figure of merit when compared with other previous SPR sensors. This improvement was reached through the interplay between the MO properties of the ferromagnetic slab combined with the excellent plasmonic
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properties of noble metals. Extremelly sharp Fano-like features were observed in the MO response, which in addition are very sensitive to the dielectric properties of the surrounding medium, as seen in Fig. 9 . 
METAMATERIALS TO BOOST THE PERFORMANCE OF PLASMONIC BIOSENSING
Recent progress in microstructuring and numerical modeling techniques allow for the manipulation and control of light at micro and nanoscale through the design and development of artificial materials, known as metamaterials, with no naturally occurring dielectric and magnetic properties (Pendry et al. 1999 , Smith et al. 2000 , Shelby et al. 2001 , Eleftheriades et al. 2002 , Wu et al. 2007 , Valentine et al. 2008 , Gong et al. 2014 , Lee et al. 2016 ). These man-made materials are revolutionizing and opening several new technological areas. In biomedical applications, one expects to reach major technological breakthroughs in the next few decades by incorporating metamaterial properties to design biotechnological devices. For example, metamaterials are being used to improve the limit of detection in plasmonic sensing/biosensing platforms by their incorporation as one of the building components (Kabashin et al. 2009 , Liu et al. 2010 , Cao et al. 2013 , Shen et al. 2013 , Kravets et al. 2013 , Sreekanth et al. 2016 . The experimental realization of a metamaterial-based plasmonic transducer with an array of parallel gold nanorods oriented perpendicularly to a glass substrate was made (Kabashin et al. 2009 ). The structural parameters of such array of parallel, electrochemically grown gold nanorods, occupying an area of up to 2 cm 2 , were controlled to have the lateral size and separation between the nanorods much smaller than the working wavelength. This was necessary for the system to be well described using an effective medium model, since individual nanorod sizes have no influence (or negligible) on the optical properties. A guided mode was excited with the field distribution inside the layer determined by plasmon-mediated interaction between the nanorods. Having similar resonant excitation conditions to SPRs, this resonant mode was highly sensitive to changes in refractive of more than 30.000 nm·RIU −1 . The potential of that platform for sensing purposes was demonstrated by connecting a flow of glycerine in aqueous solution to the prism-based coupling block to provide minute changes of the bulk refractive index of the nanorod surroundings. A redshift in the resonance was observed in response to an increase in the refractive index, analogously to conventional SPR-based sensing. Additional tests using the streptavidin-biotin affinity model led to detection limits of ca. 300 nM, while detection of biotin (molecular weight of 244 Da) by conventional SPR requires concentrations of at least 100 µM. Sreekanth et al. (2016) proposed a sensitive biosensing plasmonic platform based on hyperbolic metamaterials (HMMs), which are characterized by one of the principal components of their permittivity (ε) or permeability (µ) tensor having opposite sign to the other two principal components (see details in Poddubny et al. (2013) ). The structure was developed with a perforated gold layer, working as a grating to excite SPRs, on the top of a HMM consisting of 16 alternating layers of gold (Au) and aluminum dioxide (Al 2 O 3 ). This system was integrated with a microfluidic channel and the reflectance spectra for p-polarized light under four different angles of incidence were measured to demonstrate the excitation of SPRs. This platform was also used for biosensing purposes with the streptavidin-biotin affinity model in which a quantification of 10 pM biotin in a phosphate buffered saline (PBS) solution could be obtained by monitoring the wavelength shift in the reflectance spectrum as the biotin concentration varied from 10 pM to 1 µM. Recent proposals are based on sharp phase changes from topologically protected zero reflection (Kravets et al. 2013) , for label-free single-molecule detection, and the simultaneous probing of conformational states and binding affinity of biomolecules through the proper design of highly tunable metamaterials (Cao et al. 2013) . (Nie and Emory 1997, Kneipp et al. 1997 ) brought the need for higher enhancements of the EM field, which was achieved on the so-called "hot spots", where the enhancement factor reaches up to 10 10 (Nie and Emory 1997, Kneipp et al. 1997 ). The hot spots have the property to concentrate an incident EM field and effectively amplify the near field between and in the vicinity of the nanostructures (Le Ru et al. 2011 ). In addition to nanospheres (Michaels et al. 2000 , Xu et al. 1999 , 2004 , nanostructures of different shapes have been made to enhance EM fields for SERS. By controlling the shape of the nanostructures, one can control the ways in which electrons oscillate, consequently tuning how the nanostructure scatters and/or absorbs light, and enhances local EM fields (Tiwari et al. 2007 ). Nanostructures containing sharp protrusions, such as nanostars (Hao et al. 2007 , Chatterjee et al. 2016 , Atta et al. 2016 , Oliveira et al. 2017 , nanorices (Wei et al. 2010 ) and bipyramids (Le Ru et al. 2011 , Niu et al. 2017 , and also sharp corners, as nanorods , Sivapalan et al. 2013 , Greeneltch et al. 2013 , Kumar et al. 2014 , nanotriangles (Sherry et al. 2006 , Haes and Van Duyne 2002 , Scarabelli et al. 2014 , nanoprisms (Métraux and Mirkin 2005, Ciou et al. 2009 ) and nanocubes (McLellan et al. 2007 , have been designed to create regions with strongly enhanced EM fields, i. e., the hot spots. Fig. 10 shows electron microscopy (scanning/SEM or transmission/TEM) images of various shapes of nanostructures and their respective electric fields simulated by computational methods (Atta et al. 2016 , Wei et al. 2010 .
Because hot spots are located at interparticle gaps (junctions) or at sharp edges of the metallic nanostructures (Hatab et al. 2010 , Fang et al. 2008 , Oh and Jeong 2012 , it is normally difficult to obtain reproducibility in terms of signal intensity, essentially due to the non-uniform excitation of the target molecules experiencing the inhomogeneous near field at narrow hot spots (Hatab et al. 2010 , Fang et al. 2008 ). Many efforts have been made to obtain metallic nanostructures with homogeneous and reproducible SERS signal, including direct metal deposition (Oh and Jeong 2012) , assembly of metallic nanostructures , Zhou et al. 2011 , Huang et al. 2013 , or even more sophisticated techniques, such as decorating nanowires with small metallic nanospheres onto the silver nanowire (Seung et al. 2008 ). The challenge is to increase the number and uniformity of hot spots, producing metallic nanostructures with extended regions of homogeneous, intense near field (Fang et al. 2008 , Chen et al. 2015 . A beautiful example of this control was produced by coupling silver nanohelices (Caridad et al. 2017) . The noticeable near field distribution is due to dipole-dipole interaction between different turns: surface charges of one sign are accumulated on one side of the nanohelix, whereas the opposite charge is accumulated on the other side, see Fig. 11a . The regular hot spot distribution of a single nanohelix allows for a unique coupling of the silver nanohelices, in which a weak coupling generates large regions of high and uniform electromagnetic enhancement, called "hot-volumes", as shown in Fig. 11b (Caridad et al. 2017) . As a result of the "hot volumes", SERS spectra from random regions showed high reproducibility of the SERS signals, with standard deviation around 10 %, observed in Fig. 11c .
Significant advances have been made in fabricating metallic nanostructures capable of achieving high EM field enhancements by generating regions containing uniform distributions of homogeneous hot spots (Hatab et al. 2010 , Fang et al. 2008 , Chen et al. 2015 . Polymeric matrices , Fortuni et al. 2017 ) and polymeric surfaces , Chen et al. 2010 were used for fabricating SERS substrates with such characteristics. The high transparency, elasticity, stability, and applicability, as a planar support for metallic nanostructures attachment via functionalization (Singh et al. 2012 , Shiohara et al. 2014 , are some of the advantages of working with polymeric materials. Fortuni et al. (2017) reported a one-step in situ synthesis of gold nanostars (AuNSs) on a polydimethylsiloxane (PDMS) film, in which a gold ion solution containing a reducing agent and a stabilizer was dropped onto the PDMS layer. The SERS activity of the substrate was demonstrated by adsorbing a monolayer of 4-mercaptobenzoic acid (4-MBA) onto its surface, of which the SERS mapping displayed in Fig. 12a was obtained. Then, a real system was investigated by detecting trace levels of the pesticide thiabendazole (TBZ) on apple skin, as detailed in Fig. 12b . Therefore, the one-step AuNSs substrates have low cost and may be produced with a simple, fast fabrication procedure, and can also be made mechanically flexible.
SERS substrates containing plasmonic satellites covering dielectric particles, such as raspberry-like nanoclusters, also exhibit attracting plasmonic properties (Romo-Herrera et al. 2011 , Qian et al. 2015 , with large SERS signals due to the generation of hot spots in the clusters (Pasquale et al. 2011) . They consist of dielectric particles, which can be silica cores, wrapped within layers of polyelectrolytes to promote a shell of positive charges to further anchor the negative charges of the plasmonic satellites, which are gold or silver nanospheres (Le Beulze et al. 2017) . By tuning the size and density of the satellites, one can modify the spectral position and extinction of the raspberry-like clusters, offering new possibilities for the ultrasensitive screening of analytical targets (Le Beulze et al. 2017 ). Fig. 13 shows the influence of size and density of satellites on the extinction of raspberry-like clusters made of 106 nm polyelectrolyte-coated silica and satellites of gold nanospheres (AuNPs) with different diameters. SERS substrates based on metallic nanostructures have been used in sensors and biosensors (Song et al. 2017 , Kumar et al. 2017 , Gandra et al. 2016 , where the coupling of near field with vibrational modes of target molecules yields an enhanced SERS signal by several orders of magnitude (Sivashanmugan et al. 2015) . The limitations of SERS sensing are related to the need of achieving reproducible SERS signals, which require the fabrication of homogeneous, sensitive substrates containing large, uniform regions of hot spots. The cost, complexity of fabrication, and flexibility of the substrates are other considerations for applications (Sivashanmugan et al. 2015 , Akin et al. 2014 . Recent research has been directed toward the design of SERS sensor platforms (Song et al. 2017 , Kumar et al. 2017 , Bibikova et al. 2017 ) and SERS nanoprobes (Gandra et al. 2016 , Lee et al. 2012 , such as the nanoprobes highly stable under harsh physiological conditions for in vitro and in vivo biosensor analysis (Goodman et al. 2014) . Lee et al. (2012) were the first to report simultaneous SERS-fluorescence dual modal nanoprobes (DMNPs) for detecting duplex co-expressed cancer markers. AuNPs with 40 nm of diameter containing Raman reporter molecules adsorbed onto their surface were synthesized and encapsulated with 20 nm silica shells. Then, a fluorescent layer was covalently attached onto their surface, followed by a final outer silica shell and antibodies conjugation. The dual cancer marker detection was only possible thanks to the fabrication of different types of DMNPs (for the two cancer markers to detect different Raman reporters, fluorophores and antibodies were used). A similar approach was demonstrated for detecting three serological cancer markers using a multiplex SERS-based assay , where AuNSs containing a Raman reporter and a silica layer were conjugated to the antibodies. For each biomarker to be detected, a line on the SERS assay chip was immobilized with the respective antibody, allowing the multiplex SERS detection. For instance, the limit of detection (LOD) found for the three cancer markers is significantly smaller than the values reported with conventional methods.
The concept of trapping Raman reporters between gold cores and gold shells instead of gold cores and silica shells has been presented for in vivo sensing (Gandra et al. 2016 ). The SERS nanoprobe had a tunable gap between the core and the shell made of 20 nm AuNPs covered with 15 nm silver shell (porous Au/Ag nanocage where the Raman reporter molecules are trapped on) and a subsequent gold shell (5-15 nm of thickness) on the top of the nanocage. A schematic illustration of the design of this core-shell SERS nanoprobe is shown in Fig. 14a . In vitro and in vivo stability tests were performed with breast epithelial cells. The stability was monitored from 5 to 24 h, as displayed in Fig. 14b .
A PERSPECTIVE IN SERS (BIO)SENSING
The concept of dual modal SERS-fluorescence nanoprobes (Lee et al. 2012) can be improved with the emerging analytical technique dual-mode shell-isolated nanoparticle enhanced Raman scattering -shell-isolated nanoparticle enhanced fluorescence (SHINERS-SHINEF) (Fang et al. 2015 , Li et al. 2017 . SHINERS and SHINEF (Guerrero and Aroca 2011) are plasmon-enhanced spectroscopy phenomena based on plasmonic metallic nanostructures (most commonly silver and gold) coated with silica, called SHINs (shell-isolated nanoparticles) . It is known that a continuous transition from fluorescence enhancement to fluorescence quenching is observed by varying the molecule-nanoparticle distance. The optimum molecule-nanoparticle separation to achieve enhanced fluorescence is reached by using spacers (Gersten and Nitzan 1981) . Since the distance between a molecule and the nanostructure can be easily controlled by tuning the silica shell thickness, SHINs are ideal to promote SHINERS and/or SHINEF (Li et al. 2010, Guerrero and Aroca 2011) . Their advantages include: i) silica shell thickness control, with a nanometer precision , preventing the quenching effect and enhancing the fluorescence signal; ii) good dispersity of the SHINs in organic solvents and water for applications in solution; iii) the silica shell protects the metal core from chemical reactivity with the analytes, which can reduce the potential cytotoxicity of metal nanoparticles for applications in living cells (Li et al. 2017) . For instance, the dual-mode SHINERS-SHINEF was first used to confirm that scattering scales as the fourth power of the local field enhancement while the fluorescence is proportional to the square of the local field enhancement (Guerrero et al. 2012) . The latter was proven by collecting SHINERS and SHINEF spectra from the same molecular system (crystal violet solution, excited with laser line at 514.5 nm), as displayed in Fig. 15 . Therefore, the dual-mode SHINERS-SHINEF (Li et al. 2017 ) is a promising tool with potential applications in improving the performance of (bio)sensing platforms and nanoprobes.
CONCLUSIONS
There are various ways through which plasmonic phenomena can be exploited for sensing and biosensing, and in this paper we have tried to cover some of the most promising possibilities. The control of size and In vivo SERS stability of the same nanoprobes in immune-compromised mouse with tumor located in the window chamber. The nanoprobes were injected directly into the tumor and the SERS signal was followed over time. SERS nanoprobe signal is detectable even after 24 h, which indicates these probes are not susceptible to tissue response and tumorigenic enzymes. (e) Immune-compromised mouse with tumor located in the window chamber. The SERS signal was collected at the tumor location using an optical fiber. Reproduced with permission (Gandra et al. 2016) . Copyright 2016, Royal Society of Chemistry. shape of nanostructures as well as of nanostructured surfaces, which can also be functionalized, has made it possible to enhance SPR sensing and SERS-based sensing. Emphasis here was placed on novel materials, such as magnetic nanoparticles and metamaterials, which have been used for generating the plasmonic enhancement of electromagnetic field, in conjugation with detection techiques. With regard to SERS with plasmonic nanostructures, recent developments were highlighted in detecting and/or monitoring trace levels of chemical and biological analytes. Special attention was given to the design of plasmon-enhanced nanostructures with different architectures and materials, providing potential applications in SERS (bio)sensing and nanoprobes.
